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INTRODUCTION 
The solubilities of fats and oils and the triglycerides 
which are their major constituents are of a great deal of 
interest from both the scientific and technical viewpoints. 
In previous work (14) at Iowa State University t he solubility 
of thirteen vegetable oils in ethyl and isopropyl alcohols 
was. determined . 1'he da ta from this study suggest the possi-
bility that a knowledge of the solubilities of the triglyc-
erides of which they are constituted mi ght lead to a 
relationship from which the gl yceride compositions of fats 
and oils mi ght be predicted from their solubilities . 
From the technical viewpoint solubilities of the fats 
and oils are desirable in the application of solvent extrac-
tion to their removal from the raw materials. While the 
hexane fraction of petroleum is used almost entirely for 
this purpose in t his country, there is the possibility that 
ethyl alcohol might be more suitable in t he production of 
special types of oil meals. Ethyl alcohol also is the 
preferred solvent in some foreign countries such as India . 
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LITERATURE REVIEW 
Information concerning the solubilities of triglycerides 
at moderate temperatures is rather limi·ted. The earliest and 
only systemat ic investiga tion of five homologous triglycer -
ides (tricaprin to triestearin) in benzene, ethyl ether, 
chloroform, carbon disulfide and ethyl alcohol (only 
triestearin) was reported by Loskit (12). Shortly thereafter 
Robinson, et a l . (16) reported t he solubility of some 
unsymmetrical and symmetrical mixed triglycerides in absolute 
ethanol. Th'e triglycerides u sed were 
a•capro- a,a '•distearin; 
~-capro-a,a 1 •distearin; 
, . 
a, ... myristo-a ' , ~ -distearin ; 
p- myristo- a , a' - distearin; 
a. -palrnito-a •, ~ -dimyristin; and 
~ -palmito-a,a '•dirnyristin . 
It was quantitative l y observed t ha t unsymmetrical 
triglycerides were somewhat more soluble than their unsymmet-
rical isomers . This difference in solubilities is presently 
of considerable assi s t ance in the separa tion and identifica-
tion of isomers . McElry and King (13 ) reported solubilities 
of mixed symmetrical and unsymmetrical triglycerides of the 
dilaurin series i n absolute ethanol . The tendency of the 
symmetrical isomer to have a lower solubility t han the 
unsymmetrical isomer was further established . Chen and 
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Daubert (}) reported the solubilities of some triacid 
triglycerides of several different series in ethyl ether, 
petroleum ether: acetone and absolute ethanol. As expected , 
the solu1ility, i n general , increased with decrease in chain 
length of the saturated fatty acids . 
Ward , et al . (18) reported the solubilities of aceto-
and butyro- glycerides in various solvents. Hoerr and Harwood 
(8 ) determined the solubility of t riestearin in hexane, 
benzene , carbon tetrachloride, chloroform, ethyl acetate, 
acetone and cottonseed oil . There has been considerable work 
on the solubility of natural oils. Solubility of vegetable 
oils in e thanol has been determined by Rao and Arnold (1 5) . 
The solubility of the fatt y acids has received consider-
able study. Solubility dat,a for the lowest members of the 
fatty acid series in a wide variety of organic solvents are 
available. Data with r espect to the solubilities of the 
organic solvent-fatty acid systems from caprylic to stearic 
acid at moderate temperatur es are due almost entirely to 
Hoerr and Ralston (9). These investigators determined the 
solubilities of eleven fatty acids in fifteen different 
organic solvents including aqueous solutions of ethanol . 
Two striking phenomena may be noted in the results of the 
work of Hoerr and Halston (9 ) on the organic solvent- fatty 
acid systems, namely the tendency toward pairing of the solu ... 
bility curves and t he formation of eutectics between some of 
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solvents and fatty acids . Without exception , the solubility 
curve of the even- numbered carbon acid lies above the curve 
of t he next hi gher odd ... numbered t hroughout all or a consid-
erable part of t e temperature range. The even and odd 
numbered acids, t herefore , form two distinct solubility 
series. Except for their solubili t ies i n the alcohols , the 
normal saturated fatty acids show a marked correlat ion 
between their solubilities and the polarities of t he sol-
vents . In t he non- polar solvents , the solubili t ies of the 
acids are almost linearly dependent upon temperature, but as 
the polarity of t he solvent incr eases, the rela tion between 
concentration r.:i.nd temperat ure deviates considerably from 
linearity . 
Kolb and Brown (11) determined the solubilities in t he 
low temperature r ange (-70°C t o 10°C ) of a number of str uc-
turally different fatty acids, the results of which led t hem 
to conclude that t he solubility of t he acids i ncreased with 
decreasing chain length and i ncreasing degree of unsatura-
tion . They also found tha t t1e sol ubility i ncreased with 
distance of the poi nt of unsaturation from the carboxyl 
group . Acids with cis- configurations were more soluble than 
- . 
their corresponding t rans- isomers . Oleic acid exhibited two 
solubility curves i n certain solvents, corr esponding t o its 
two polymorphic forms . 
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THEORY 
Fats and Oils 
Except for very minor constituents, fats and oils are 
composed of mixtures of triglycerides, having three f a tty 
acids attached to glycerine. The triglycerides are often 
described as fats or oils depending on whether they are 
solid or liquid, respectively, at room temperature . If the 
fa t t y acids attached to the glycerine are the same, it is a 
simpl e triglyceride. The mixed triglycerides, i n which two 
or three kinds of fatty acid radicals are present in the 
molecule , are more common than the simple trigl yceride s . 
The molecular weight of the glycerol portion cc3H5) of a 
t rigl yceride molecule is 41. The combined molec lar weight 
of the f atty acid radicals (R Coo- ) comprising t he r emainder 
of the molecule will vary with different oils from about 650 
to 970 . Thus the fatty acids contribute from 94 to 96% of 
the total weight of the mole.cule. Because of their 
preponderant weight in the glyceride molecules, and also 
because t hey comprise the reac tive portion of the molecules, 
the fatty acids greatly i nfluence the charac t er of the 
triglycerides . Consequently, the chemistry of fats and oils 
is to a ver y large extent the chemi str y of their cons t ituent 
fatty acids . 
The natural occurr ing fatty acids are in general normal, 
monobasic aliphatic compounds consisting almost invariably 
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of a single carboxyl group a ttached to t he end of a straight 
hydrocarbon chain. Usually the fatty acids which are found 
in nature contain an even number of carbon atoms .. The 
individual fatty acids differ one from another primarily in 
the number of carbon atoms in their chains and the number and 
position of t he ethylenic linkage s or double bonds between 
the carbon atoms . Those fattJ acids i n wnich all carbon 
atoms i n t he chain are linked with not less than two 
hydrogen a toms and which thus contain no double bonds are 
termed saturat ed . The f a tty acids which contain double 
bonds are termed unsaturated. The degree of unsaturation 
of an oil depends upon the average number of double bonds 
in its fatt y acids . Because of the presence of double bonds, 
the unsatura ted fatty acids are more chemically reactive 
withi n the fa tty acid chain t han are t he saturat ed acids . 
The activity increases as the number of double bonds 
increases. The double bonds may either be in a non-
conjuga ted position (separated a t least by two single bonds ) 
or in a conjugated position (in which single and double 
bonds alternate between certain carbon atoms ). With the 
bonds i n a conjugated position, there is a fur ther increase 
in certain type s of chemica l activity . Polymeriza t ion is an 
instance. 
The molecular confi gurations can be determinative of 
the properties of a particular fat or fatty acid . For 
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example the melting points of fats are influenced by many 
factors. Melting points of fats will vary in their sharp• 
ness depending on the number of different chemical entities 
which are pre sent~ A single triglyceride will ~ave a sharp 
melti ng point. A mixture of triglycerides will have a long 
melting point range , as is typical or lard and other 
shortenings . As the chain length of a fatty acid increases, 
the melting point also increases. Changes in melting points 
are associa t ed with isomers. In general, as the double 
bond shifts away fr om the carboxyl group in a fatty acid, 
the melting point is lowered. Also , trans isomers are higher 
melting than £.12. isomers, 
Monoglycerides and diglycerides have hi gher melting 
points than triglycerides with a similar fatty acid composi~ 
tion . A mixture of several triglycerides has a lower melting 
point than would be expected from the composition of the 
mixture and the melting points of the individual components. 
The mixture will also have a wider melt.ing r ange than any of 
its components. Another factor which affects the melting 
point of fat is the polymorphic state in which crystals 
appear. The arrangement and types of fatty acids in the 
molecule determine what crystal phase the triglyceride is 
most likely to form. 
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Solubility in General 
The problem of the solubility of substances is closely 
related to t he correlation between cohe sion and constitution . 
So far the problem of the solubili ty of substances can be 
treated only in a quali tative way . T iere are two rules which 
seem t o be generally valid and wiich may occasionally be 
used for guidance . One of these correlates the solubility 
with the melting point, the other with t he vapor pressure 
of the dissolved sub s t ance. In the case of isomeric or 
otherwise similar compounds, the higher melting substance 
is frequently the less soluble one (17) . Thi s r ule is of t en 
true because i !l general the height of the melting point may 
be taken as a measure of lattice forces . The destruc t ion of 
the l attice structure is, however, only one aspect of the 
process of dissolution. The second significant process , and 
one in which energy i s ga i ned, is that of solva tion, or the 
interaction between solvents and t be dissolved substance . 
For t h i s reason we can expect t his r ule to be applicable and 
to .hold only when t.he interactions between solvent and solute 
are of the same kind and hence the energy of solvation is 
approximately the s ame . If t his r ule were generally valid, 
then the grading off i n solubility would have to be t .t e same 
for all the solvents . Experience shows that t his is not 
true. For the same r0ason we cannot expect t he r ule that 
states that in a compar ison of simi lar substances the more 
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volatile one is t he more soluble one . In other words , that 
vapor pressure and solubility are parallel phenomena . The 
fact that quite frequently t he solubilities in various 
solvent s are of opposite trend is again clear evidence 
against the validity of t his r ule . Generally one must 
consider not only t he strengtb but the nature of cohesive 
forces, when comparing t he solubilities of substances . 
The best quali t ative solubility r ule can be expressed 
as - like dissolves like. By like we mean llere t he presence 
of structurally like or s imilarly built groups i n the mole-
cule. Thus, for example, t he lower paraffin hydrocarbons , 
such as pentane , hexane , heptane , ar e mutua'lly miscible in 
all proportions, just as are tie lower aliphatic alcohols; 
while on t he other hand of course. hexane and ri1ethanol are 
not miscible in all proportions . · The cohesive forces of 
methanol are grea ter. On t he other hand , here we notice a 
different t ype of cohesive force, the so called hydrogen 
bond w· ich is active oetween the hydroxyl groups of different 
molecules . No hydrogen bond can be formed between a h dro-
carbon radical group and hydroxyl group; t he hexane molecules 
can therefore affect t he holding together of tle molecules in 
liquid metr anol essentially only by an attack (physical) on 
the methyl group . But i n the case of ethanol• we have a 
longer hydrocarbon chain which offers u10re possibilities for 
interaction with the molecule of hexane, and at room 
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temperature they are completel y miscible , The aliphatic 
alcohols become more and more hydrocarbon~like as the number 
of carbon atoms increases. (The hydroxyl group becomes a 
smaller fraction of the whole molecule . ) 
The Ideal Solution 
The concept of ideal solution offers advantages similar 
to t hose f urnished by the concept of tbe ideal gas . Very 
large deviations from ideal gas behavior are ordinarily due 
to the presence of chemical equilibrium, for the effect of 
Van der Waal ' s forces is seldom so great . In liqu1d solu-
tions, however, t his is not necessarily the case~ since the 
crowding of mol ecules in the lj.quid state may give rise to 
very J..r-.. rge Van der Waal effects . The subject of the 
t hermodynamics of the solubility phenomena is t horoughly 
treated by Hildebrand and Scott (6) . Here, we will simply 
arrive a t an expression to calculate the ideal solubility. 
There are many pairs of molecular species so nearly ali ke in 
t.h.0ir attrac t ive forces that their liquids mix with litt le 
or no heat effect . An i ndividual mol ecule of either species, 
in order to escape from such solution , requires the same 
kinetic energy as to escape from its own pure liquid. The 
number of molecules so escaping depends somewhat upon the 
configur ation of the mixtur e , which is influenced by the 
re la ti ve sizes and shapes of the two component molecules .• 
It can easily be shovm that for such solutions 
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Pl x - P 
- s ( 1) 
where P1 refers to the vapor pressure of the liquid solution, 
Ps refers to t he vapor pressure of the pure sol ute, and x is 
t he mole fraction of the solute in solution . 
The variation of the vapor pressure of the liquid and 
solid can be appr oximately expre ssed by the Cl ausius-
Clapeyron e quation 
d ln P1 (Hv H1)/RT2 = dT 
d ln Ps = (Hv - H5 )/RT2 dT 
( 2 ) 
(3 ) 
where (Hv - H1) is t he difference in heat contents of vapor 
and liquid and (Hv - H5 ) is the difference in heat contents 
of vapor and solid. 
By subtracting equation 2 from equa tion 3 and by 
substituting in terms 
( H1 - H3) - lili:F heat 
- l ' 
of 
Of 
d 
equation l 
fusion, we 
ln x llH! 
= dT RT2 
and also setting 
get 
(4) 
assuming that .6.Hl is independent of temperature and inte-
grating formally , we get 
2 . 3 log ( 5) 
This is the equation we use to calculat.e the value of ideal 
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solubilities . 
It has been sl own (4, 10) that for higher members of a 
homologous series the heat of fusion and the entropy of 
fusion are each essentially a linear function of the number 
or carbon atoms i n the molecule . That is 
(6) 
( 7 ) 
where n is the total number of carbon atoms in the molecule 
and a', at1, b ' and b" are constants . ·These constants may 
have a set of values when n is even and another when n is 
odd . 
Since the solubility of a compound is a function of its 
heat of fusion , it should be possible to show a correlation 
between the number of carbon atoms and the solubilities of 
the members of a homologous series. So by combining equa-
tions 1, 2 and 3 and dropping the subscripts 
2 . 303 log x = 1(a" + b''n) - L (a ' + b ' n) R RT 
or 
2.303 log x = -(-) + - + -(-) + - n ( a' 1 a" ] r-b' 1 b" ) R T R R T R ( ) 
at a given temperature, t he values within the brackets become 
constants and equat ion 4 becomes 
log x = a + bn (9 ) 
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Equations 6, 7 and 9 are not strictly valid, the first two 
being empirical and the third being applicable as a first 
approximation and there only if the solutions involved are 
ideal. Therefore t he experimental values would not 
ordinarily be expected to conform to the straight- line 
relationship of equation 8 . However, since the deviations 
would in all probability vary regularly as the chain length 
increased in a homologous series, the log x vs . n isotherms 
would be expected to be smooth curves . 
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EXPERIMENTAL PROCEDURE 
Materials 
For the solubility determi nations of the oils, fish 
oils obtained from Pacific Vegetable Oil Company, Richmond, 
California, and tallow obtained from Swift Company, Chicago, 
Illinois, were used in ever y case . Solubilities were deter -
mined for anchovy oil, tunafish oil, sardine f ish oil, isano 
oil and beef tallow . 
For the sol ubili ty determi nations of the triglycerides, 
fresh and over 95 percent pure triglycerides obtained from 
the Hor mel Institute, Austin, Minnesota, were used in every 
case . Solubilities were det ermined for t rilaurin , 
trimyristin, tripalmitin, triestearin and triolein. 
Ethyl alcohol was used as the solvent . Absolute alcohol 
was obtai ned directly from stores. By diluting the absolut e 
ethanol, 98, 95.4 and 90 percent ethanol was obtained . The 
concentr ations of the alcoholic solutions were determined by 
measuring the densit i e s by the picnometer method . All the 
alcoholic concentrations are reported as weight percent. 
Apparatus 
The solubility determination apparatus consisted of a 
mild steel vessel 2. 5 inches in diameter and 6 inches high , 
closed at t he bottom and fitted with a flange at t he t op . 
Through a packing gland at the center of the flange passed a 
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steel stirrer shaft driven by an electric motor and provided 
with two blades at the bottom end. Asbestos thread and high 
melting greases were provided in t he gland to prevent leakage. 
A pressure gauge was provided to indicate the pressure 
developed. The vessel also had a needle valve one inch from 
the bottom, through which very sol uble s amples were with-
drawn. In order to prevent precipitation of solute in the 
case of slightly soluble samples, the vessel was quickly 
opened and samples were withdrawn with a hypodermic syringe . 
The vessel was heated electrically, the temper atures being 
controlled by a variable transformer with -1°C. 
Solubility Determination 
Known volumes of solute and solvent such as to provide 
an excess of solute at a fixed temperature were stirred for 
30 minutes to obtain the solubility at t hat temperature . The 
optimum period of s +;irring ·to reach saturation had already 
been determined ( l~) as 30 minutes. · The stirring was stopped 
and the Jnixture allowed to settle for 30 minutes, keeping the 
temperature constant. The optimum period of settling had 
already been determined (14) as 30 minutes. A definite 
volume of the clear supernatant solution was drawn by the 
hypodermic syringe or through the needle valve into a 
weighed, glass~stopperee, conical flask, stoppered 
instantaneously and reweighed to obtain the ·weight of the 
solution withdrawn. Care was taken in preventing evaporation 
16. 
of solvent when taki ng the sample . Most of the solvent was 
removed on a vigorously boiling water bath , and the rest was 
removed in a vacuum drying oven a t 105°C to a constant weight . 
From the above data, the percent solubility was calculated . 
Triplicate sampl es were taken for every determination . 
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RESULTS AND DISCUSSION 
The solubilities of triglycerides trilaurin, trimystirin, 
t ripalmitin, triestearin and triolein are presented in the 
Figures 1, 2, 3 and 4. The effect of chain length on the 
solubilities as derived by equation 9 is presented in Figure 
1'he solubility of an organic material i n different 
solvents can be qualitatively estimated by the number_and 
kind of polar and non-polar groups and t he polarity of the 
-
solvent. If the number of polar groups in an organic mole• 
cule is increased, the solubility in a polar solvent will be 
~-
exh-austad. This is the role of like dissolves like. Thus 
the solubility of pure triglycerides can be explained. 
Factors that make the triglyceride molecule partly polar in 
nature are the carboxyl groups present in the ester linkag~. 
-·-
The carboxyl groups can be considered to be of polar nature 
and will aid in the formation .of a solution with a solvent 
which is slightly polar such as pure~thyJ_ alcohol or ethyl 
alcohol water mixtures. The carboxyl group on the glyceride 
can form hydrogen bonds with the hydroxyl group of the 
alcohol and thus assisting in the forma tion of a solution. 
The other groups which could fall into the category of a 
polar group would be the carbon- carbon double bond. The 
double bond is usually not considered to be a. polar group 
but rather a polarizable group . The electrons in the 
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Figure 1 . Solubilities of triglycerides in 90 percent ethanol 
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Figure 2 . Solubili. ties of itriglycerides i n 95 ~4 perc ent ethanol 
T - degrees Kelvin 
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Figure 3. Solubilities of triglycerides in 98 percent ethanol 
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Figure 4. Solubilities of triglycerides in 100 percent ethanol 
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r 
I 
5 
0.5 
Mole 
fraction, 
x 100 
0.1 
0.05 
/ 
/ 
CY 
/ 
Tri lour in 
Trimyristin 
Tripolmitin 
0 
Tristeorin 
0.01 '--------'-----'-----~---"'-------' 
32 31 30 
_!_ x 104 
T 
29 . 28 27 
I\) 
\J1. 
26 
Figure 5. Effect or the number of carbon atoms on the solubilities of 
triglycerides 
Mole 
fraction, 
x 100 
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bond of the carbon- carbon double bond can be considered to 
be rather mobile and when in the presence of a polar solvent 
would tend to interact with t he solvent and become polarized . 
This would in effect help to increase the solubility in 
ethanol of a glyceride containing this group because of the 
polar interaction between the double bond and the ethanol . 
The group which would decrease the solubility of glyceride 
i n a polar solvent would be the methyl and methylene groups 
present in the long hydrocarbon chain . These groups are 
non- polar and are not easily polarized . The long hydro-
carbon chain in order to mix with the solvent molecules 
would have to overcome the strong attractive forces existing 
between the polar parts of t he solvent. The less polar the 
solvent the weaker will be the attractive forces between the 
solvent molecules and therefore the greater the ability of 
the non- polar solute to mix with the solvents. The increase 
in water concentration of an ethanol water mixture will 
increase the polarity and pola~izability (5, 19) of the 
solvent . As can be seen from the experimental data, the 
solubility of all the glycerides decreases upon using higher 
water concentrations. The effect of the hydrocarbon chains 
i n their ability to decrease t he solubility in a polar 
solvent is demonstrated by their decreasing solubility with 
increasing chain length . 
The ideal solubility of triglycerides as determined by 
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equa tion 5 has also been plotted in Fi gure 6 . Positive and 
negative deviations from Raoult ' s law can be observed . 
Though positive deviat ion is much more common, negative 
devia t ion from ideality was observed by Loskit (12) for 
triestearin but in differen t solvents . Negative devia tion 
is explained (2) as r e sulting from greater a t traction 
between solu te and solvent than withi n solute or solvent. 
In other words , i t i s a ssociated wi th some degree of chemi -
cal reactivity . Thi s behavior can apparently be easily 
explained by considering t he effect of the hydrogen bond . 
The hydrogen bond is not a strong bond (its bond ·energy, 
that i s t he energy of . t he r eaction X H + Y ~ X H Y, lying in 
most case s i n the r ange of 2% 10 kcal./mole .). But because 
of its normal small bond energy and t he small activation 
energy i n its fo rmat i on and ruptur e , t he hydrogen bond is 
specially suited to play a par t in reac t ions occurring at 
normal temperatures . So at low temperatures, when negative 
deviation occurs, t he ir terac t i on between t he hydrocarbon 
chain is very weak compared to t he interaction between the 
carboxyl groups and the hydroxyl groups . 
Methyl 
groups 
- c "':/-
- HO/ 0 ......... 
- OH 
Ethyl 
group 
30 
Figure 6. Solubilities of triglycerides in 95 percent ethanol on a weight 
basis 
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But when the temperature is increased the relative effect of 
the hydrogen bond becomes weaker compared to the thermal 
excitation of the methyl groups and a normal positive 
devia tion from ideality is observed. 
The solubilities of sardine oil, tunafish oil, anchovy 
oil and beef tallow oil are ., presented in Figures 7, 8, 9 and 
10. The typical composition of the fats here used is also 
given in Table 1 since they will help us to explain the 
solubility behavior of the oilo. 
It can be immediately noticed that the greater the 
unsaturation the more soluble the oils are . This of course 
is due to the higher reactivity of the unsaturated bonds . 
However, we can not expect at t his point to be able to · 
derive a quantitative relationship between unsaturation and 
solubility, not because we do not know the degree of 
unsaturation of each acid but because we do not know the 
particular triglycerides making up the oil molecules. That . 
is exactly the same reason we can not predict the solubility 
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Table 1. Typical compositions of f at s and oils 
Saturated Unsaturated 
acids % acids % 
Beef Tallow (1) 
Myristic 3 Myristoleic 1 
Palmitic 26 Palmitoleic 6 
Stearic 17 Oleic 43 
Linoleic 4 
1+0 51+ 
Sardine Oil (1 ) 
Myristic 6 Palmitoleic 13 
Palmitic 10 Oleic 24 
Stearic 2 Arachidonic 26 
Erueic ~ IE 
Tunaf ish Oil (7) 
Myristin 4 . ·2 Palmitoleic 6.2 
Palmitin 18.6 Oleic 26 . 0 
Stear in 3.5 Arachidonic 23 . 5 
Erueic 18 .0 
26.3 73 . 7 
of the oils by using the solubility informat ion gathered for 
the pure triglycerides. In other words, we do not know how 
the molecules of fatty acid are arranged i n the fatty ester . 
We may have simple and mixed triglycerides. Then not even 
if we assume that the solubility of the oil could be taken 
as the sum of the individual contributions of the particular 
fatty esters is there enough i nformation concerning the 
chemical composition of the oils . 
4-2a 
It can be observed from the figures that oils show a 
critical solution temperature . That is, the temperature 
above which solubility is independent of temperature . For 
the pure simple and pure mixed triglycerides that phenomena 
doesn't exist . The difference in solubility between the 
pure triglycerides and that of the oils can be explained by 
the nature of the materials . The pure triglycerides would 
be the only component besides the alcohol in this system . 
I n the oil we have more than one component or several 
mixtures of mixed triglycerides, each having its own 
solubility. The presence of more than one component 
decreases their ability to form an ordered arrangement 
with each other and makes it easier for the molecules to 
mix with the solvent and with each othar. This phenomena, 
which lowers t he melting point of f a ts, might also explain 
their increased solubility over pure triglycerides at higher 
temperatures . The different components of t he oils might 
also act as solvents for one another, thus increasing t heir 
solubilities compared with t he pure triglycerides . It is 
known tha t two components tha t are i mmiscible with each 
other can be made comple tely soluble in each other by the 
addition of a third componen t . , 
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COI~CLUSIONS 
1 . The solubilities of pure triglycerides when plotted 
as the log of the mol e fraction of the triglyceride dissolved 
versus the inverse of the absolute Centigrade temperature fall 
on a straight line but show deviations from the ideal solu-
bility behavior . 
2. The plot of t he log mol e frac tions of trigl ycerides 
dinsolved versus t he number of car bon atom8 at different 
isotherms shows smooth curves that become more as s t raight 
lines as the t emperature increases . 
3. Oils show a different solubility pa ttern than 
t riglycer ides . Tl.is solubility pattern is similar to that 
secured by previous investigators in t his laborator y with 
other oils . 
1 . 
2. 
4. ' 
6. 
8. 
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Solubility Data 
Table 2. 100 percent ethanol 
Weight 1 x Mole Weight 1 x Mole fraction T fraction fraction T fraction 
t°C x 100 104 x 100 t°C x 100 104 x 100 
TI'ilaurin Trim:r::ristin 
40 47 32 3.4 50 20 .5 31 1.31 
47.5 63 31.2 4.54 59 . 5 30 30.15 1.91 
54 80 30.6 5.76 64.o 33 29 .70 2.10 
69.5 49 .4 29.15 3.14 
Tri2almitin Triste!lrin 
40.5 2.40 31.96 0.136 41 1.10 31.92 0.057 
51.5 3. 85 30.85 0.22 54 2.50 30.60 0.13 61 .0 9.30 29.95 0.53 66 7.95 29.50 o.410 
71.0 16.20 29.03 0.92 74 12.40 28. 85 o.640 
81 .0 27.0 28. 25 1.54 80 16.00 28.3 0.826 
Trio le in 
49 6 .2 31.10 .322 
60 12.05 30.00 .630 
69 20.0 29.25 1.05 
47 
Table 3 . 98 percent ethanol 
Weight 1 Mole Weight 1 Mole 
fraction - x fraction fr action T x f raction T 
t°C x 100 io4 x 100 t°C x 100 104 x 100 
'l'rilaurin Trim:t:ristin 
40 28. 5 32 2 .0~- 40 7.2 32 o.45 
47 44 .8 31 . 22 3. 20 51 12 .1 30.9 0. 76 
53 69 .0 30.7 3. 78 61 19 . 5 29 .9 1. 23 
60 74 . 5 30 5. 30 68 28 . 0 29 . ~ 1 . 76 74 . 5 36. 5 28. 3. 20 
Tri12almitin Tris tear i n 
41 1.12 31.92 0. 063 40 . 5 0. 5 31 .96 0.0256 
51 1. 95 30.9 0.110 54.0 o.8 30 .60 0.0410 
61. 5 5.40 29 .85 0.337 65 . 5 21 . 5 29 . 55 0.110 
71 7.9 29 . 03 o.445 74 3 .20 28 .85 0.163 
79 . 5 13 .4 28.35 . 755 80 5.00 28 . 3 0. 256 
Triolein 
47 . 5 3.4 31.15 .170 
60 7.85 30. 00 .405 
70 12. 00 29 .10 .605 
75. 5 16. 2 26. 70 .816 
48 
Table 4, 95.4 percent ethanol 
Weight 1 x Mole ·weight 1 x Mole fraction io4 fraction fraction io4 fraction t°C x 100 x 100 t°C x 100 x 100 
Trilaurin Trimzristin 
40 20 32 1 .44 40 6.o 32 0 .378 
50 . 5 30 30. 95 2.14 51 . 5 9. 2 30 ,85 0 . 563 
59. 5 40 30 ,05 2,86 61 . 0 13 . 0 29 . 90 0 .820 
70 .0 58 29.10 4,14 70 .0 19. 2 29.10 1 . 21 
Tri12almitin Tristearig 
41 . 5 0. 69 31 . 9 0 .039 40 0. 30 32 0 .0154 
51 .0 1. 63 30 . 9 0. 0922 54 0., 60 30 , 6 0 .03 60 .0 3,27 30.0 0.185 615. 5 1,80 29.55 0 .093 
67,5 4,22 29 . 32 0.238 73 , 5 2. 7 28 .. 8 0,138 
74 . 5 5.15 28.80 0,291 80 3. 3 28 . 3 0 ,168 
81 .. 0 7.15 28 . 25 o.405 
Trio le in 
42,5 1~35 31.7 0 . 068 
51 . 0 2.0 30 .9 0.105 
63 . 0 3.8 29 .8 0.191 
75 , lt 7. 7 28,7 . 388 
Table 5. 90· percent ethanol 
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Table 6 . 90 percent ethanol 
t°C % oil alcohol 
Beef Tallow 
41 1 .10 
52 1. 20 
62 1.85 
70 2.15 
78 2. 55 
89 4 .40 
Tunaf ish Oil 
41 2.0 
52 . 5 2.3 
61 . 5 3.0 
72 .0 4 . 2 
79 6 . 1 
78 9. 5 
Table 7. 95 .4 percent ethanol 
% oil 
0 alcohol 
Beef Tallow 
40 . 5 ~3.30 
52 . 0 4 . 30 
61 . 5 5. 50 
71 7. 60 
78 10 .10 
88 . 5 15.40 
41 
52 . 0 
62 . 0 
72 . 0 
79 . 0 
89.0 
Tunafish Oil 
3.8 
5.4 
6.8 
10 . 6 
14 .4 
21 . 0 
t°C 
41 
51 . 5 
61 .0 
74 
84 
40 . 5 
52 
61 
71 
76 
85 
41 
51 .•. 5 
61 .0 
70 . 5 
78 . 0 
41 
52 .0 
61 . 5 
71 .0 
78 . 0 
84. 5 
% oil 
0 alcohol 
Anchov;y: Oil 
1 . 2 
1. 7 
2.3 
3.3 
4.9 
Sardine 01;}. 
1 .6 
2. 2 
3.1 
3.8 
5.1 
6.0 
% oil 
0 alcohol 
Anchovy Oil 
3.60 
5.00 
7 . 50 
~ine 
10 . 60 
14 .60 
Oil 
4 . 7 
6. 7 
9. 5 
13 . 1 
17 . 2 
20 .0 
Table 8 . 98 percent ethanol 
42 
52 
64 . 5 
71 . 0 
78 . 0 
41 
55 
63 
71 
79 
89 . 5 
% oil 
alcohol 
Beef Tallow 
. 5 
5.8 
8. 5 
11 . 2 
16 .4 
Tunaf ish Oil 
6.3 
8 . 6 
12 . 7 
17 .8 
27 .4 
38. 5 
Tabl e 9. 100 percent ethanol 
42 
49 . 5 
60 
70 
78 
81 . 5 
41 
51 
61 
71 
72 . 5 
Beef Tallow 
10 . 50 
13 . 10 
25. 70 
57 . 5 
75 . 0 
82.5 
Tunaf ish Oil 
14 .8 
21 . 3 
40 . 0 
63 . 5 
75.0 
51 
41 
51 . 5 
61 
70 . 5 
80 .0 
40 . 5 
51 . 5 
61 . 0 
71 . 5 
77 . 5 
83 . 5 
% oil 
alcohol 
Anchovy Oil 
5. 3 
7.8 
10 . 6 
1 5 . 1 
29 . 0 
Sardine Oil 
5.8 
8. 2 
11. 3 
16 . 8 
25 . 0 
31 . 0 
% oil ~ alcohol 
Anchovy Oil 
40 . 5 13 . 2 
50 . 5 20 . 1 
60.5 40 . 0 
66 .5 51.3 
68 62 . 0 
41 
52 
61 
68 
70 
Sardine Oil 
14 . 5 
22 . 2 
41 . 0 
79 .0 
88 .5 
